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FOREWORD 

Within NASA, the Office of Aeronautics and Space Technology (OAST) has the 

responsibility for timely development of needed new technologies. Traditionally, the 

development of new concepts, new materials, designs, and engineering techniques for 

aeronautics has been accomplished in close cooperation with the aircraft industry and 

with the great American universities. On the other hand, NASA, as the primary user of 

space flight, has been its own principal customer for new space technologies. 

A new era of permanent presence in space is beginning with the Space Station. 

This permanent presence will permit and promote commercial ventures and privately 

funded research in the tradition of university/industry cooperation. 

The RT&E workshop in Williamsburg represents a significant milestone for 

NASA and the space engineering community. It marked the initiation of a long-term 

program of outreach by NASA to focus the needs of universities, industry, and 

government for in-space experiments and to begin building a strong national user 

constituency for space research and engineering. 

These proceedings represent a "first-cut" planning activity to involve universities, 

industry, and other government agencies with NASA to establish structure and content 

for a national in-space RT&E program. More interactions are needed - more workshops 

will follow. Program adjustments will be made. A truly national program will evolve, 

and its beginnings are presented here with the hope and determination needed to make it 

a program we can all take pride in. 

- Raymond Colladay 



INTRODUCTION 

Among the purposes of the Research, Engineering, and Technology Workshop, an 

interest in validating the RT&E theme concept has some direct effect on the form of 

these proceedings. The original five themes, which were themselves a target for 

validation or recommeded changes, have become seven. During preparations for the 

workshop, the submitted papers and attendance plans made it evident that the fifth 

"theme", In-space Operations, was too broad, and would need to be split. As the 

workshop got underway, a further split occurred, brought about by the different levels 

of maturity, and needs for technology planning in several sub-disciplines. Thus, these 

proceedings are presented under seven themes. The volume of presentations, and the 

quantity of information generated by the individual panel summaries has led to the 

decision to prepare the proceedings in several volumes. 

The first volume is an executive summary and includes the summary presentations made 

by the panel co-chairmen in the final plenary session. The accompanying seven volumes, 

of which this is one, each represent a specific "theme", and include the un-edited 

original presentation material used in that particular panel workshop. Each of these 

separate "theme" volumes also include the Foreword, the general Summary and 

Conclusions, and the Chairman's presentation charts and narrative summary. Thus, each 

should represent a self-standing volume to reflect the proceedings relevant to its 

respective Panel deliberations and output, as well as the reflection in the general 

Workshop results. 
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WORKSHOP THEME 

Information Svstems 

--Sensor Systems 

--Computer/Data Systems 

--Communications Systems 
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SUMMARY AND CONCLUSIONS 

NASA’s In-Space Research, Technology, and Engineering (RT&E) Workshop 

brought together representatives of the university community, private sector, and 

government agencies to discuss future needs for in-space experiments in support of 

space technology development and the derivative requirements for space station facilities 

to support in-space RT&E. 

The workshop provided an excellent forum for establishing an interactive process 

for building a national in-space experiments program. It enabled NASA to present to 

the user community (university and private sector) experiment concepts for NASA’s 

technology development activities in support of future space missions. The meetings also 

began a process by which industry and university researchers will be able to bring their 

own TDM requirements to NASA’s planning process. 

This conference reached three primary goals: first, it expanded and validated 

NASA’s in-space experiment theme areas, including Space Structure (Dynamics and 

Control), Space Environmental Effects, Fluids Management, Energy Systems and 

Thermal Management, Automation and Robotics, Information Systems and In-Space 

Operations; second, it began the development of a user community network which will 

interface with NASA throughout the lifetime of the in-space experiment program; and 

third, it formed the basis for the establishment of on-going working groups which will 

continue to interest and coordinate requirements for in-space RT&E activities. 

As an adjunct to the conference, NASA/OAST announced plans to initiate a 

long-term program to encourage and support industry and university experiments. 

NASA’s modest investment in this program is initially targeted for generating experiment 
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ideas and concepts. It is anticipated that this base of concepts will lead to cooperatively 

funded experiments between NASA, industry, and academia and thereby, begin to build 

an active in-space RT&E program. 

Several key points emerged from this conference regarding the adequacy of the 

TDM data base that should be addressed in future planning activities. First, many of 

the experiments could be performed on the ground, i.e., they do not justify a space 

experiment. Secondly, many of the experiments address near- term or current 

applications and do not take into account advanced system requirements. The TDM data 

base must look beyond extensions of current programs to reflect future needs and trends 

to have an effective and useful impact on space station planning and design. This will 

require increased input from industry and university researchers and engineers. 

In order to address these concerns, it is imperative that a long-range planning 

view be taken in which industry and university researchers help NASA derive the 

technology development program. The following recommendations have been developed 

on the basis of the workshop: 

1. Development of an on-going RT&E university and industry advisory group; 

2. Continuation of in-space RT&E symposia to act both as outreach mechanisms 

and as working sessions to refine the TDM data base; 

3. Development of an RT&E information clearinghouse; 

4. Development and continuation of the new experiments outreach activity 

announced at the RT&E workshop; 

5.  Development of an "impacts assessment group" which will focus its energy on 

identifying experiment accommodation requirements to impact the design of 

in-space facilities, ;.e., space station and others. 

5 



If carried out, these recommendations constitute movement toward development 

of an effective NASA/industry/university partnership in a National Tn-Space RT&E 

Program. This will also enable NASA/OAST to have an effective voice in space station 

planning, which is essential toward the success of a future in-space activities. The 

workshop, by promoting the process of NASA/industry/university interactions and by 

pointing out concerns with the developing TDM data base has provided an important 

first step towards a successful long-term space technology development effort. 

6 
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/ 
INFORMATION SYSTEMS 

SUMMARY 
Bruce A. Conway 

The Information Systems theme subpanel was established as a separate part of Panel 5A 

of the In-Space Operations Theme, in order to 1) provide for additional consideration 

and emphasis of the information systems areas of sensors, computers/data systems, and 

communications, and 2) conduct an in-depth review of automation and robotics. 

Inputs in the form of reports and oral briefings on 16 technology development 

experiments pertinent to this theme were reviewed and assessed. The panel then defined 

a set of objectives for the theme area. In setting forth a set of objectiveslcapabilities 

needed to permit technology validation (for in-space application) in the three disciplines 

of information systems, several gaps in requirements and proposed thrusts were 

identified. These omissions/gaps were identified by examining OAST's "National 

Missions for Technology Focus" (supplemented by DoD, commercialization, and 

international considerations) and projecting a time-ordered series of required capabilities 

in information systems for various missions. In several cases, particularly in the 

computer/data systems discipline, no space station-related missions proposed would 

achieve these required capabilities. Also, some capabilities had not been identified and 

were only defined after examination of the major mission drivers. The rationale for in- 

space technology development and verification was discussed and summarized by the 

panel, and an "accommodations impact" on the space station through the information 

systems technology capability development was assessed. In the station accommodation 

assessment, three issues were raised for consideration by space station configuration and 

systems planners. Finally, recommendations for space station and technology 

development mission implementation were developed, based on the desired technology 
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capabilities, experiments/missions already proposed, and perceived gaps in the 

capability/experiment definitions. 

Primary objectives defined by the panel, which applied to the three disciplines are 1) to 

develop/evolve/enable new sensing, data, and communications options, and 2) to enable 

the in-space characterization, qualification, and optimization of information systems 

elements. Technology issues or gaps include the lack of clear user identification of data 

capacities (rates and storage requirements) and the uncertainty in needs for spacecraft 

environment sensing. In addition, input identifying DoD, other NASA, and commercial 

activities or potential involvements was also lacking. 

The rationale for developing and verifying through in-space experiments, the technology 

capabilities necessary in information systems includes the long duration exposure of 

electronic systems in the unique radiation environment (of significance to the substantial 

electronics portion of the information systems), and zero-gravity effects (of major 

concern in the utilization of large antenna structures in communications and microwave 

remote sensing applications). Also, the panel noted the lack of advocacy to test 

electronic systems in space prior to operational usage. They stated that credibility of in- 

space demonstrations is crucial to technology acceptance by potential users/appliers. 

In developing technology capability objectives and assessing their achievement through 

in-space research, technology and engineering, three in-space station accommodation 

issues related to the information systems technology areas were raised: 1) a need to 

extend the OMV's capabilities; 2) the requirement to have separate, dedicated technology 

facility modules; and 3) the need for identifying and reserving dedicated experiment 

locations on the space station structure. Other accommodation impacts were identified, 
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but are expected to prove tractable. The accommodation issues led to recommendations 

for consideration by space station configuration and systems planners: 

1. Extend OMV capabilities (range, formation-flying, enhanced technology 

support equipment attached to OMV). 

2. Provide major dedicated technology laboratory facilities (including work 

stations, specialized equipment and instrumentation). 

3. Provide multipurpose technology test sites onboard the station (considering 

exposure, field-of-view, data 'links, swept volume, isolation, and growth 

compatibility). 

Recommendations related to the pursuance of technology development missions are as 

follows: 

1. Define "missing" technology missions (including in-space electronics 

qualification and high capacity data storage/high data rate systems). 

2. Review mission timing and applications, on a periodic basis, with projected 

science, applications, and commercial users. 

In summary, in-space research, technology, and engineering appears to be a necessary 

ingredient in developing advanced capabilities which permit the full utilization of space. 

This in-space R, T & E is the only mechanism for information systems electronics and 

large antenna technologies to be effectively developed verified. Finally, the 

development of the manned space station provides a unique capability and opportunity 

to effectively pursue the achievement of the enhanced capabilities required in improved 

information systems and their applications. 

10 
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EXPERIMENT TITLE: 221 1 : MULTI-FUNCTION SPACE ANTENNA RANGE TECHNOLOGY 
PRINCIPAL INVESTIGATOR: YAHYA RAHMAT-SAM11 
ADDRESS: JET PROPULSION LABORATORY, 4800 OAK GROVE DR., PASADENA, CA 91109 
PROPOSED FLIGHT DATE - 1993 YEAR 

OPERATIONAL DAYS REQUIRED - 8 

MASS - 1517 KG 

VOLUME 

STORED: w 3.5 XL 4 x H  4 .. 56 M3 

DEPLOYED: W 4.8 X L  7.2 x H  9.6 - 330 M3 

INTERNALLY ATTACHED YES (YES/NO) 
EXTERNALLY ATTACHED YFS (YES/NO) 
FORMATION FLYING YFSr (YES/NO) 

ORIENTATION (inertial, solar, earth, other) - ZENITH 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 8 H W B Y  6 No. of days 

OPERATIONS 2.5 Hrs/Day 2 No. of days 2 Interval 

SERVICING: 1 HWDaY 2 No. of days 2 Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 1 Hrs/Day 2 No. of days 

OPERATIONS 2 Hrs/Day 8 No. of days 2 Interval 

SERVICING. 1/7 Hrs/Day 3 No. of days 7 Interval 

POWER REQUIRED: 

0.7 KW @or DC (circle one) 

8 H r s / h y  8 No. of days 

DATA RATE: 0 0 1 Magabits/second 

DATA STORAGE 0.256 Gigabits 

29 



0 

t 
Lc 
9 
0 e 
0)  
B 

a 
& 

0 u 
Q a 
m u  
= 5  .~ a 

a W  
0 

O d  
c c C  

bd *d 0 > 9: 

: 'E 
LcN 

Y O  
W U  o u  m a  

a 
5 

a m  
0 

5 B 
8 cu 

Q u 
a u 
3 
Q 
0 
Lc 

i- 

2 
i> 

c 

n 
0 
Y 

d 

3 
0 

e 
Y 

m 

s 
-4 5 
a 

U 

r 

u 
c c m  

i 
.4 a 

g 
0 
Y 
C a 

Y 

u 
m 
a z I cn 

I 
0 
& u 

3 
m 0 

cy 
yc 
0 

0 
C 
U 

8 
0 
0 

h 
P 
Q 
0 

0 4  
5 

a 
a 
Y 
0 

rc no 

i2.z - 
y c Y ,  & $  d u 

5 w 
3 

H 

t 
w 

a 
>. 
f 
a > 

H 
W 
0 !- u 3 

3 
m 
0 
c 

Lc 
3 
0 

os hLc 
uLcu0  c a4 u s a I u 0 

C 
0 u . .rc 

8 
QI 
0 
h 
0 

I 

t- 
Z 

0 0  
C Y  u c  2 r: 0 

.rl 
yc 
I 
Lc 

Q 
Y a! iz 

w 
ii 
X 

- c a 

3 
b .i 6 a 

.. 
Y 

30 



I- 

31 



EXPERIMENT TITLE: 2212: MULTI-FUNCTION SPACE ANTENNA RANGE TECHNOLOGY 
PRINCIPAL INVESTIGATOR: YAHYA RAHMAT-SAM1 I 
ADDRESS: JET PROPULSION LABORATORY, 4800 OAK GROVE DR., PASADENA, CA 91109 

PROPOSED FLIGHT DATE - 1994-1995 YEAR 

OPERATIONAL DAYS REQUIRED - 30 

MASS - 4000 KG 

VOLUME: 

STORED: w 4.8 X L  9 X H  4.0 = 172 M3 

DEPLOYED: W 55 X L  82.5 x H  82.5 = 374,343 M3 

INTERNALLY ATTACHED YES (YEWNO) 
EXTERNALLY ATTACHED YES (YES/NO) 
FORMATION FLYING YES (YES/NO) 

ORIENTATION (inertial, solar, earth, other) ZENITH 

EXTRA-VEHICULAR ACTIVITY REQUIRED 

SET- UPr 8 Hrs/Day 8 No. of days 

OPERATIONS 4 Hrs/Day 20 No. of days 2 Interval 

SERVICING 2 Hrs/Day 2 No. of days 2 Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UF. 7 Hrs/Day 4 No. of days 

OPERATIONS 4 Hrs/Day 20 No. of days 2 Interval 

SERVICING. 

POWER REQUIRED: 

1 Hrs/Day 2 No. of days 2 Interval 

0.7 KW @or DC (circle one) 

8 Hrs/Day 30 No. of days 

DATA RATE: 0.01 Magabits/second TO EARTH 

DATA STORAGE 0.256 Gigabits 
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EXPERIMENT TITLE: 7323: MASER PRFCISION T IMF GFWRATION 
PRINCIPAL INVESTIGATOR: DR. LUTE MALEKI 
ADDRESS: JET PROPULSION LABORATORY, 4800 OAK GROVE DR., PASADENA 91 109 
PROPOSED FLIGHT DATE - 1993 YEAR 

OPERATIONAL DAYS REQUIRED - 3 
MASS- KG 

VOLUME 

x H  2 = 4 M3 

DEPLOYED: W 2 X L  1 x H  7 = 4 M3 

STORED. w 2  X L  1 

INTERNALLY ATTACHED YES (=S/NO) 
EXTERNALLY ATTACHED NO (YES/NO) 
FORMATION FLYING NO (YES/NO) 

ORIENTATION (inertial, solar, earth, other) NA 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP. NA Hn/mY No. of days 

OPERATIONS: NA Hn/Day No. of days Interval 

SERVICING. NA Hrs/Day No. of days Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: NA HB/mY No. of days 

OPERATIONS: NA H B / ~ Y  No. of days Interval 

SERVICING NA H d m Y  No. of days Interval 

POWER REQUIRED: 

0.3 KW @or DC (circle one) 

24 HB/DaY __,-. 300 No. of days 

DATA RATE: 300 Megabits/second 

DATA STORAGE 0.1 Gigabits 
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ACCOMMODATION REQUIREMENTS 

EXPERIMENT TITLE: OPTICAL INTERFEROMETRY SPACECRAFT TRACKING 
PRINCIPAL INVSTIGATOR(S): JAMES LESH 

ADDRESS: J P L j  4800 OAK GROVE DRIVE, PASADENA, CA 91103 
PROPOSED FLIGHT DATE 1994 YEAR(S) 

OPERATIONAL DAYS REQUIRED 10 (PER YEAR) 

MASS 50 KG 

VOLUME : 

STORED w 085 X L  O B 5  x H  O B 4  = O B 1  M3 

DEPLOYED W 2 ~ 0  X L  OB4 x H  084 . = OB32 M3 

INTERNALLY ATTACHED YES (YES/NO) 
(YES/NO 33% (YES/NO) 

EXTERNALLY ATTACHED 
FORMATION FLYING 

ORIENTATION (inertial, solar, earth, 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP : 4 Hrs/Day 

OPERATIONS : 2 Hrs/Day 

SERVICING : 1 Hrs/Day 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP : 4 Hrs/Day 

OPERATIONS : 4 Hrs/Day 

SERVICING: 2 Hrs/Day 

other) O M V j  SPACE 

2 No. of days. 

10 No. of days. 

2 No. of days. 

2 No. of days. 

10 No. of davs. 

5 No. of days. 

POWER REQUIRED : 

KW @or DC ( c i r c l e  one) 

4 Hrs/Day 10 No. of davs 

DATA RATE: 0 3 Megabits/second 

DATA STORAGE: 180 Gigabits 

7 Int erva 1 

14 Int erva 1 

7 Interval 

7 Interval 
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EXPERIMENT TITLE 2221: LASER COMMUNICATIONS & TRACKING DEVELOPMENT 
PRINCIPAL INVESTIGATOR: JON A. SCHWARTZ 
ADDRESS: J E T  PROPULSION LABORATORY, 4800 OAK GROVE DR. PASADENA, CA 91 109 
PROPOSED FLIGHT DATE - 1994 YEAR 

OPERATIONAL DAYS REQUIRED - 6 

MASS- 60 KG 

VOLUME: 
STORED : 

(INTERNAL) W 0.5 m x L 1.0 m x H 1.0 m = 0.5 M3 
(EXTERNAL) W 0.3 m x L 0.5 m x H 0.1 m = 0.015 M3 

(INTERNAL) W 0.5 m x L 1.0 m x H 1.0 m = 0.5 M3 
(EXTERNAL) W 0.1 m* x L 0.15 m* x H 0.1 m* = 0 . 0 0 1 5 *  M3 

DEPLOYED: 

*For each o f  10 units 
INTERNALLY ATTACHED YES (YES/NO) 
EXTERNALLY ATTACHED YES (YES/NO) 
FORMATION FLYING YFS (=/NO) 

ORIENTATION (inertial, solar, earth, other) OMV 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-Up: 4- Hn/Day 4 No. of days 

OPERATIONS: Hn/bY No. of days Interval 

SERVICING. H W m Y  No. of days Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED 

SET-UR No. of days 

OPERATIONS: 4 HWDaY 6 No. of days 4 Interval 

SERVICING 2 8 No. of days 4 Interval 

POWER REQUIRED: 

1.0 KW r DC (circle one) 

4 - n  Hn/Day 6 No. of days 

DATA R A E  0.01 Mega bits/second 

DATA STORAGE 0.03 Gigabits 
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EXPERIMENT TITLE: 2224: DEEP SPACE OPTICAL DSN TERMINAL 

PRINCIPAL INVESTIGATOR: JON A. SCHWARTZ 
ADDRESS: J E T  PROPULSION LABORATORY, 4800 OAK GROVE DR., PASADENA, CA 91109 
PROPOSED FLIGHT DATE - 1993 YEAR 

OPERATIONAL DAYS REQUIRED - 10 

MASS- 200 KG 

VOLUME: 

STORED W 1.2 m X L  1.2 m x H  1.0 m = 1.44 M3 

DEPLOYED: W 2.0 m X L  2.0 m x H  2.0 m = 8.0 M3 

INTERNALLY ATTACHED NO (YES/NO) 
EXTERNALLY ATTACHED JS (YES/NO) 
FORMATION FLYING Y FS (YEWNO) 

ORIENTATION (inertial, solar, earth, other) OMV 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 4 Hrs/Day 2 No. of days 

OPERATIONS: Hrs/Day No. of days Interval 

SERVICING: 2 Hrs/Day 2 No. of days 4 Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED 

SET- UP: Hrs/Day No. of days 

OPERATIONS 4 a- Hrs/Day 4 No. of days 4 Interval 

SERVICING 2 Hrs/Day 4'- No. of days 4 Interval 

POWER REQUIRED 

1.0 KW AC or DC (circle one) 

4 Hrs/Day 10 No. of days 
0 

DATA RATE: 0.3 Magabits/second 

DATA STORAGE: 1.0 Gigabits 
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40-105 GHz PROPAGATION EXPERIMENT 

EXPERIMENT DESCRIPTION 

The 40-105 g i g a h e r t z  p ropaga t ion  experiment w i  11 c o n s i s t  o f  t h r e e  main 
The space segment, t h e  da ta  c o l l e c t i o n s  segment (exper imenters,  segments. 

ground s t a t i o n s )  and t h e  d a t a  processing segment. 

M u l t i p l e  rad io f requency  sources w i t h  s t e e r a b l e  antennas, power supply  and 
c o n t r o l  c i r c u i t r y  a r e  env i s ioned  t o  cornprose t h e  space segment package o f  t h e  
exper iment.  

The d a t a  c o l l e c t i o n  segment w i l l  c o n s i s t  o f  a number o f  s u i t a b l y  l o c a t e d  
ground s t a t i o n s  capable of  r e c e i v i n g  and r e c o r d i n g  t h e  s i g n a l  parameters f rom 
t h e  space s t a t i o n  a f t e r  t h e y  have been a f f e c t e d  by t h e  e a r t h ' s  atmosphere. 
Due t o  r e l a t i v e l y  l a r g e  s i g n a l  marg in ( re fe renced  t o  c l e a r  sky) requi rements 
a t  t hese  f requenc ies  antenna s t e e r i n g  w i l l  be r e q u i r e d  on b o t h  t h e  space and 
ground segments o f  t h e  l i n k .  
exper iment  p a r t i c i p a n t s  and t h e  space s t a t i o n  o r b i t  passes (es t ima ted  15 
minu tes  p e r  p a s s ) w i l l  be requ i red .  

Automated antenna t r a c k i n g  between t h e  

The d a t a  p rocess ing  segment of t h e  exper iment w i l l  c o n s i s t  o f  t h e  
c o l l e c t i o n  and p rocess ing  o f  t h e  standard fo rma t  tapes produced by  t h e  
exper imenters  (ground s t a t i o n s ) .  
t o  b e t t e r  d e f i n e  t h e  f u t u r e  l i n k s  i n  the  f requenc ies  o f  i n t e r e s t .  

Reduced p ropaga t ion  d a t a  w i l l  be d i s t r i b u t e d  

Godfrey Anzic 
NASA L e w i s  Research Center 
21000 Brookpark Road 

Cleveland, OH 44135 
M. S .  54-5 

47 



48 



EXPERIMENT TITLE: 40-105 GHz Propagation Experiment 

PROPOSED FLlGIlT DATE - 1994 YEAR 

OPERATlONAL DAYS REQUIRED - 3 years (continuous) 

MASS - 4 0 0  KG 

VOLUME: 

STORE D. W 1 . 5  X L  1 x H  1 = 1 . 5  ~3 

DEPLOYEL): w 2 . 5  X L  1 x 11 0.5 5 1 . 7 5  M3 

INTERNALLY ATTACHED no (Y ES/NO) 
EXTEllNA1,LY ATI’ACHED yes (YES/NO) 
FORMATION FLYING no (YES/NO) 

ORIENTATION (inertial, solar, earth, olher) earth 

EXTRA-VEIIICULAR ACTIVITY REQUIRED: 

SET-UP 10 Hrs/Day 1 No. of days 

OPERATIONS 0 Hrs/Day 0 No. of days 0 Interval 

SERVICING: 5 tlrs/Day 1 No. of days 6 mo. Interval 

INTRA-VEIIICULAR ACTIVITY RECJUIRED. 

SET-UP 0 Hrs/Day 0 No. of days 

OPERATIONS 0 €Irs/Day 0 No. of days 0 Iriterval 

SERVICING: 0 tirs/Day 0 No. of days 0 Interval 

POWER REQUIRED. 

KW AC or DC circle one) 0 0 . 5  

24 1 lrs/Day 1000 No. of days 

DATA RATE: 0 -  1 Megabitsisecorid 

DATA STORAGE: 0 Gigabits 

Godfrey Anzic 
NASA Lewis Research 
21000 Brookpark Road 
Mail Stop 54-5 
Cleveland, OH 44135 
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H I G H  VOLTAGE TRAVELING WAVE TUBE A M P L I F I E R  

EXPERIMENT OBJECTIVE 

TO DEMONSTRATE THE OPERATION I N  SPACE OF H I G H  VOLTAGE POWER S U P P L I E S  

AND TRAVELING WAVE TUBES THAT WILL BE REQUIRED FOR E F F I C I E N T ,  

R E L I A B L E  M I L L I M E T E R  WAVELENGTH COMMUNICATIONS L I N K S ,  PARTICULARLY I N  
THE BAND FROM 59 TO 64 GHz. TO REDUCE THE R I S K  AND INCREASE THE 

ASSURANCE OF R E L I A B I L I T Y  FOR A L L  FUTURE H I G H  VOLTAGE A P P L I C A T I O N S  I N  

SPACE. 
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HIGH VOLTAGE TRAVELING WAVE TUBE A M P L I F I E R  

EXPERIMENT DESCRIPTION 

M I L L I M E T E R  WAVE POWER AMPLIFIERS W I T H  E F F I C I E N C I E S  I N  EXCESS OF 

40 PER CENT HAVE BECOME TECHNICALLY F E A S I B L E  AND WILL ENABLE T H E  

ECONOMICAL U T I L I Z A T I O N  OF THE 59 TO 64 GHZ BAND FOR FUTURE 

I N T E R S A T E L L I T E  COMMUNICATIONS. WHILE RESEARCH PROCEEDS ON H I G H  

E F F I C I E N C Y  TRAVELING WAVE TUBES (TWT'S)  THE NEXT OBSTACLE TO T H I S  

D E V E L O M E N T  WILL BE THE NEED FOR SPACE Q U A L I F I E D  POWER S U P P L I E S  

CAPABLE OF OPERATION I N  THE RANGE FROM 15 TO 20 kV. 

CONVENTIONAL S A T E L L I T E  TECHNOLOGY EMPLOYS P O l T I N G  TO HOLD OFF H I G H  

VOLTAGES. T H I S  TECHNIQUE USUALLY PRODUCES SATISFACTORY RESULTS FOR 

VOLTAGES BELOW A FEW kV, ALTHOUGH A NUMBER OF NOTABLE F A I L U R E S  HAVE 

BEEN TRACED TO THE USE OF POTTING. 

FOR VOLTAGES ABOVE l O k V  I T  I S  NECESSARY TO MAKE USE OF THE 

TECHNOLOGY PIONEERED ON THE COMMUNICATIONS TECHNOLOGY S A T E L L I T E  THAT 

COMBINED A NOVEL METHOD OF OPEN CONSTRUCTION W I T H  THE NATURAL 

I N S U L A T I N G  PROPERTIES OF THE VACUUM OF SPACE TO ACHIEVE F A I L U R E  FREE 

OPERATION I N  SPACE AT 12 kV, 

PROPOSED HERE I S  A PLAN TO DESIGN, B U I L D  AND Q U A L I F Y  FOR USE I N  

SPACE A POWER SUPPLY CAPABLE OF R E L I A B L E  OPERATION AT U P  TO 20 kV.  

T H I S  SUPPLY WOULD BE MOUNTED EXTERNAL TO SPACE S T A T I O N  AND WOULD B E  

DESIGNED TO OPERATE A TWT I N  THE 59 TO 64 GHz BAND, BUT WOULD 

INCORPORATE GENERIC FEATURES THAT COULD BE A P P L I E D  TO A L L  FUTURE 

H I G H  VOLTAGE SYSTEMS. THE EXPERIMENT WOULD B E  INSTRUMENTED TO 

PROVIDE DATA ON VOLTAGES, CURRENTS, TEMPERATURES AND RF POWER LEVELS 

TO EVALUATE THE SYSTEM PERFORMANCE AND I D E N T I F Y  ANY ANOMALIES THAT 

MAY OCCUR. 
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ACCOMODATION REQUIREMENTS 

EXPERIMENT TITLE: H i g h  V o l t a g e  T r a v e l i n g  N a v e  T u b e  A m p l i f i e r  

PROPOSED FLIGHT DATE - 1994 YEAR 

OPERATIONAL DAYS REQUIRED - 2 y e a r s  

nAss - 4 KG 

VOLUME: 

STORED U .5 n L - 7 5  x H s 5  P 0.2 M 3  

DEPLOYED U -75 x L 0.5 x H .25 = 0.03 n3 

INTERNALLY ATTACHED no <YES/NO) 
EXTERNALLY ATTCHED V P S  (YES/NO) 
FORHATION FLYING no (YES/NO) 

ORIENTATION (inertial, solar, e a r t h ,  o t h e r ) .  TBD 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

4 Hrs/Day 1 No. of days. 

INTRA-VEHICULAR ACTlVlTY REQUIRED: 

8 Hrs/Day 5 No. of days 

POWER REQUIRED: 

0.2 KU AC or@' (circle one) 

24 Hrs/Day 730 No. of days 

DATA RATE: 0 . 0 0 1  Megabits/second 

DATA STORAGE: 0.1 Gigabits 

53 



c 
0 +J 

J 

P 
5 

2 
tn 
Q a 
0 u 
L 
0 
v) 

c) 

$ 
CA 
? a 
C 
k 
0 
c 
0 

m 
0 

.-I 
3 

.4 

2 
b > 
P 
C 
(0 

C 
a, 

Q 
0 
a, > a 
P 
L 
0 

3 

E 
4 

E! 
3 
9 
..4 
3 
0 a 
a 
v) 

k 
3 

s 
0 

u) 
a, 
3 
CT 

T 
0 a 
3 

0 

u) 

a E 

K 
4 

v, 
L 
0 
v) 
C 
CE 

k! 
2 

c?i 

a C m 

0 

M 
C 

v) 
X a 
ce. 
0 
bo 
C 

.4 
c, 

.r( 

.r( 
3 
5 
? 
2 
P C 
(D 

L 
(D 
.4 

E- 
m a 
8 
2 a 
C 
3 

.4 

5 
0 

C 
0 

m 

L 

0 
0 
a c m 
C 

..4 
3 

E 
5 

3 

2 

3 3 

[z 
0 
a 
a 

4 

iii 

.-4 L 
0 
bo 

2 
0 

54 



m .- 
a 

d 

u3 
N 
(v 

x 
2 n 
t- 

c 
0 
& 

n 

55 



I E 

NO 

-- 

I 

LVlS 33WdS 

E 
n 
i 

t 
r( 

u 
m u 
m 
0 
.e 

cz 
0 
v) z 
W I v) w 

a 
W 0 
t- V 

ho, 
- L  

v) 
W 
2 

a3 
Q v l  
3 m u  
m a ) l  W 
W L O  k 

.. 

B 

;o -- w 

o c  
3 .- 
I - 0  
n 

8 u v  

56 



EXPERIMENT TITLE: 

PROPOSED FLIGHT DATE: 

Sensor Systems Technoloqy 
Laboratory, TDMX 2261 

1994 - 
OPERATIONAL DAYS REQUIRED: 90 i n i t i a l ;  qrowth t o  300Iyear 

MASS: 12000 kq 

VOLUME: 4.3 m Dia X 11.3 m L =164 m3 

Yes - INTERNALLY ATTACHED: 

Yes - EXTERNALLY AT-TACHED: 

FORMATION FLYING: No - 
ORIENTATION: Solar, Earth and Space 

EXTRA VEHICULAR ACTIVITY REQUIRED: 

SET-UP 5 hrs/day 4 days 

OPERATIONS 1 hrs/day 6 days 

SERVICING 4 hrs/day 3 days 

90 day i n t e r v a l  

90 day i n t e r v a l  

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP 5 hrs/day 1 day 

OPERATIONS: 5 hrs/day 4 days 14 day i n t e r v a l  

SERVICING 5 hrs/day 3 days 90 day i n t e r v a l  

POWER REQUIRED: 

DATA RATE: 

DATA STORAGE: 

5.5 kW ac 

6 hrs/day f o r  90 days 

20 megabi ts/second 

20 q igab i ts  

SSTLl 474/A L Newcomb,LaRC, X3761 1 Oct 1985 TDMX 2261 
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CO DOPPLER L I D A R  W I N D  MEASUREMENT 2 
TDXX 2 3 6 6  

Shroud and . /' 

B a f f l e  Assembly\. /3( 
I -A \ ,/' 

React i on 

Suppor t  S t r u t s  

Pr imary  M i r r o r  

Pedes t a l  Assembly 

SPACE ENVIRONMENT 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

O p t i c a l  H I 
Bench/ 7- 

Laser 

C02 DOPPLER LIDAR AND SCANNING TELESCOPE 

P R E S S U R I Z E D  ENVIRONMENT 

283 /Bob  Hess, LaRC, X2818 



EXPERIMENT TITLE: CO, Lidar Wind Measurements, TDPE 2366 
L 

PROPOSED FLIGHT DATE - 1993 YEAR 

OPERATIONAL DAYS REQUIRED - 90 

MASS - 500 KG 

VOLUME 

STORED: w 1 . 5  X L  2 x H  2 .5  - - 7.5 M3 

DEPLOYED: W 1 . 5  X L  2 x H  2 .5  - - 7 .5  M3 

INTERNALLY ATTACHED Y e s  (YES/NO) 
EXTERNALLY ATTACHED Yes (YES/NO) 
FORMATION FLYING No (YES/NO) 

ORIENTATION (inertial, solar, earth, other) e a r t h  

EXTRA - VEHICULA R ACTIVITY REQUIRED: 

SET-UP: 10 Hrs/Day 1 No. of days 

OPERATIONS: Hrs/Day No. of days Interval 

SERVICING: 8 Hrs/Day 1 No. of days Interval 

INTRA - VEHICULA R ACTIVITY REQUIRED: 

SET-UP: 1 2  Hrs/Day 2 No. of days 

OPERATIONS: 7 Hrs/Day 1 No. of days 6 Interval 

SERVICING: 4 Hrs/Day 1 No. of days 15 Interval 

POWER REQUIRED: 

3.4 KW <.c or DC (circle one) 

7 Hrs/Day 90 No. of days 

DATA RATE: 1 Megabits/second 

DATA STORAGE: 1 Gigabits 

., 283/Bob Hess, LaRC, X2818 
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PROPOSED FLIGHT DATE - 1992 YEAR 

OPERATIONAL DAYS REQUIRED - 365 

MASS - 42 KG 

VOLUME 

x H Oo5 = 0.2 M3 

DEPLOYED: W O o 6  x L 0.6 x H  0.5 - - 0.2 M3 

0.6 XL STORED: w 0.6 

INTERNALLY ATTACHED YES (YES/NO) 
EXTERNALLY ATTACHED NO (YES/NO) 
FORMATION FLYING NO (YES/NO) 

ORIENTATION (inertial, solar, earth, other) NA 

EXTRA-VEHICULAR ACTIVITY REQUIRED: NA 

SET-UP: Hrs/Day - No. of days 

OPERATIONS: Hrs/Day No. of days Interval 

SERVICING Hrs/Day No. of days Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED 

SET-UP: Hrs/Day No. of days 

OPERATIONS: Hrs/Day 13 NO. of days 7 Interval 

SERVICING: 1 Hrs/Day 13 No. of days Interval 

POWER REQUIRED 

KW AC or DC circle one) 

Hrs/Jhy No. of days 
0 0.1 

24 

DATA RATE: NA Megabits/secord 

DATA STORAGE: NA Gigabits 

TDMX 2523 - D. A. IlcCurdy/D. G. Stephens 
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ACCOMMODATION REQUIRE?ENTS 

EXPERIMENT TITLE: ADVANCED O R B I T I N G  YLBI TECHNOLOGY 

PRINCIPAL INVSTIGATOR( S) : James F .  Jordan 

ADDRESS: J e t  Propulsion Laboratory; Pasadena, C-4 

PROPOSED FLIGHT DATE 199 6 YEAR ( s 1 

OPE-UTIONAL DAYS REQUIRED 1 0 0  (PER YEAR) 

*%SS 3 0 0 0  KG 

VOLUME : 

STORED W 9 . 0  X L  4 . 0  H 5 . 0  = 180.0 M3 

DEPLOYED W 3 0 . 0  x L 3 0 . 0  x H 10.0 = 9 0 0 0 . 0  M3 

INTERNALLY ATTACHED X (YESJNO) 
EXTERKALLY ATTACHED X ( E S / N O  ) 
FORHATION FLYING (YES/NO) 

ORIENTATION ( i n e r t i a l ,  s o l a r ,  e a r t h ,  

EXTRA-VEHICULAR ACTIVITY REQUIRED : 

SET-UP : 6 . 0  Hrs/Day 

OPERATIONS : H r  s /Day 

SERVICING : 6 . 0  Hrs /Day 

INTM-VEHICULAR ACTIVITY REQUIRED: 

SET-UP : 3 . 0  Hrs/Dey 

OPERATIOKS: 6 . 0  Hrs/!lay 

SERVICING: 3 . 0  Hrs:’Day 

o t h e r :  c e l e s t i a l  

1 N o .  of d a y s .  

No. of  d a y s .  

1 No. of d a y s .  

1 NO. of d a y s .  

1 0 0 . 0  No. o f  d a y s .  

1 No. of d a y s .  

POWER REQUIfED : 

1.0 KW i\c or DC ( c i r c l e  o n e )  

DATA RATE: 2 00 M e g a b i t s  ,!second 

I n t e r v a  1 

1 2 0  In t e rva l  

I n t  erva 1 

DATA STORAGE: 3 6 0  G i g a b i t s  
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METEOROLOCICbL RADAR ClNTENNA FOR SPACE STATION 

0.056 m - 13 m .I 

5 (2046 S l o t s  Per 
Linear Array) 

31 rn 2 S l o t t e 5  
r ~ / i a v e g u i d e  

Arrays 

kceive Array Transrni t Array 

0.5 m 
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TDMX 2264 - MICROWAVE REMOTE .SENSING-PASSIVE 
Experimenter: €3. Kendall 

Direct ion 
o f  flight 

A x i s  
o f  

Col unn 

Three Sub-Aperture Antenna Configuration 
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EXPERIMENT TITLE: MICROWAVE REMOTE S E N S I N G  - P A S S I V E  

PROPOSED FLIGHT DATE - 1997 YEAR 

OPERATIONAL DAYS REQUIRED - 300 

MASS - 4414 KG 

VOLUME: 

STORED: W 4.57 (DIA)( L 14.63 xH --- = 300 M3 

DEPLOYED. w 118 ( D I A )  X L 70 x H  --- = 765.00 M3 

INTERNALLY ATTACHED NO (YES/NO) 
EXTERNALLY ATTACHED NO (YES/NO) 
FORMATION FLYING YF,S (YES/NO) 

ORIENTATION (inertial, solar, earth, other) EARTH 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 4 Hrs/Day 1 No. of days 

OPERATIONS: Hrs/Day No. of days Interval 

SERVICING Hrs/Day No. of days Interval 

INTRk-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 6 Hrs/Day No. of days 

Hrs/Day 300 No. of days Interval OPERATIONS 4 

SERVICING 2 Hrs/Day 1 No. of days 30 Interval 

POWER REQUIRED: 

0.5 KW AC o r e c i r c l e  one) 

24 Hrs/Day 300 No. of days 

DATA RATE: Megabits/second ' Ool 

DATA STORAGE: .3  Gigabits 
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MANNED OBSERVATION TECHNIQUES 

D.  L .  AfJlSBURY, JOHNSON SPACE CENTER 

O M E C T I V E :  

TO USE MAN I N  THE SPACE STATION ENVIRONMENT TO SUPPORT S C I E N T I F I C  
Ot3SERVATION OF THE EARTH. 

GOALS INCLUDE DEVELOPMENT OF OBSERVATIONS/COMMUNICATIONS TECHNIQUES; 
DEVELOPMENT OF ON-BOARD ANALYSIS TECHNIQUES; AND I N - O R B I T  TESTS OF 
REMOTE-SENSING DEVICES.  

DESCRIPTION:  

OBSERVATION/COMMUNICATIONS TECHNIQUES - EXTEND PRESENT C A P A B I L I T Y  

1) AN OPTICAL-QUALITY,  EARTA-ORIENTED WINDOW; 
TO VIEW THE EARTH FROM THE SHUTTLE, BY MEANS OF 

2)  D I R E C T  COMMUNICATION WITH S C I E N T I S T S  AND ENGINEERS ON THE GROUND 
DURING O S E R V A T I O N S ;  

3) A POINTABLE,  INSTRUMENTED PLATFORM CONTROLLED BOTH MECHANICALLY 
AND V ISUALLY FROM I N S I D E  THE SPACE STATION; AND 

4)  H I G H - D E N S I T Y  RECORDING SYSTEMS. 

ONBOARD A N A L Y S I S  - MANIPULATE D I G I T A L  DATA OBTAINED BY CHARGE-COUPLED 
. IMAGING D E V I C E S  AND SPECTROMETERS TO TEST HYPOTHESES AND DATA-COLLECTION 
TECHNIQUES BETWEEN OBSERVATIONS. 

TEST REMOTE-SENSING DEVICES - COMMAND, CONTROL, AND TEST SYSTEMS 

THE P O I N T A B L E  INSTRUMENT PLATFORM AND THE DATA-ANALYSIS C A P A B I L I T Y  ONBOARD 
AND PARTS OF SYSTEMS DESIGNED FOR OPERATIONAL, UNMANNED DEPLOYMENT, USING 

THE SPACE S T A T I O N  I N  DIRECT COMMUNICATION WITH S C I E N T I S T S  AND ENGINEERS 
ON THE GROUND. THE PALLET COMMAND COULD BE SWITCHED TO GROUND CONTROL 
DURING OPERATION OF THE SPACE STATION I N  THE MAN-TENDED MODE. 
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I \ l ’ I  l ~ l s ~ l l - ~ l  I I I I  I MANNED QBSERVAILON TE-CHN I QUE S ( I N - CAB I N ) 

1993 
\ ‘ I  .\ li 

K G  10-60 AlASS - 

\’ 0 L u E: 2X 0.05 cu 14 

( I N  O P T I C A L  WINDOW) 
I N T E R N A L L Y  A I T A C H E D  (YES; N O )  
E X T E R  N A L L Y A I T A C H  E D  ( Y  ES/NO) 
FORMATION FLYING ( Y  ES/NO) Te 

EARTH O R I E N T A T I O N  (inertial, solar. earth, o t h e r )  

NONE E X T R A  - VEHICULAR ACTIVITY REQUIR ED: 

SET-UP: Hrs/ Da y No. of days 

I n t e r va 1 0 P E R A T  IONS: Hrs/Da y No. of dags 

SERVICING: Hrs/Da y No. of days Interval 

I N T R A  - V E H I C U L A  R ACTIVITY REQUIRED: 

0.25 Hrs/Day ~- ALL No. of days -___-- SET-UP: 

OPERATIONS: 3 6 Hrs/Day A L L  No. of days Interval 

SERVICING: N ~ N F  Hrs/Day, No. of days  Interval 

POWER R E Q U I R E D  

K W  A C  or DC (circle one) 
BATTERIES 

H rs/ Da y 

D A T A  RATE: NPA Megabits/second 

D A T A  STORAGE:  Gigabits 

No. of days 

82 



1 t- .\ K I 'ROI 'OSI  D I L IGHT I ) , \  1 f 

0 1 ' 1 i ~ \ l l 0 \ \ l  D \ ~ ' l ~ I ~ ' l  l l < l l )  

h1ASS - 

1993 
TBD 

KG TBD 

VOLUME:  0.6 cu M 

S T O R E D  w K H  - - \l' x L ---- 

\ I - '  
0.6 - - 0 . 3  M Y H  2M 

K L  
1M DEPLOI'ED: W 

I N T E R N A L L Y  A l T A C H  E D  No (YES,',YO) 
E X T E R N  A L L Y A l T A  CH E D  
FOR rM A T IO N F L Y I NG 

O R I E N T A T I O N  (inertial. solar. earth. other) 

(YES/NO) 

EARTH 

(Y ES/NO) 

E X T R A  - V E H l C U L A R  ACTIVITY REQUlR ED. 

SET-UP:  TBD Hrs/Day No. of d3ys 

POWER REQUIRED. 

K W  AC or DC (circle one) 
TB D 

TBD Hrs/Day . No. of days 
DEPENDS ON EXPERIMENTS ATTACHED TO PALLET Megabi &/second TBD DATA R A T E  

DATA STORAGE: TBD Gigabits 
I 
I 

1 
i 

OPERATIONS TBD Hrs/Day No. of days Interval 

SERVICING: TuD Hrs/Day No. of days Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 
TB D 

SET-UP:  Hrs/Day No. of d3ys 

OPERATIONS: H = / ~ Y  No. of days Interval 

SERVICING H W h y  No. of days Interval 

2-6 TBD TB D 

TBD 
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SPACE BASED RADAR (SBR) 

CMECTIVE: 
such as: land/sea i n t e r f a c e s ,  seas, urban, m u n t a i n s ,  f o r e s t ,  i c e ,  mounta in /p la ins  
i n t e r f a c e ,  etc.  
of Galium Arsenide (GaAs) t r a n s m i t / r e c e i v e  modules and t h e  e f f e c t s  on  o p e r a t i o n a l  
performance. T h i s  w i l l  impact s i g n a l  p rocessor  and waveform genera tor  desi  gns 
f o r  a space based radar.  Measure s u r f a c e  f l a t n e s s  o f  t h e  deployed SBR antenna 
lens .  Propagat ion l osses  w i l l  be measured. 

To p e r f o r m  radar  c l u t t e r  measurements ove r  va r ious  e a r t h  t e r r a i n ,  

To p r o v i d e  r e l i a b i l i t y  d a t a  on t h e  l o n g  t e r m  space exposure 

DESCRIPTION: 
array lens  antenna system, w i t h  assoc ia ted  rada r  components, t o  conduct t h e  
experiments descr ibed above. 
o f  pri'me p w e r ,  data r e c o r d i n g  and storage, and t r a n s m i s s i o n  o f  t h e  da ta  t o  
ground s ta t i ons .  

T h i s  experiment c o n s i s t s  of an 20 X 50 f o o t  space-fed phased 

The space s t a t i o n  w i l l  p r o v i d e  approx imate ly  7 K W  

The da ta  w i l l  be r e l e a s a b l e  t o  o n l y  AF approved c o n t r a c t o r s .  

WHY SPACE STATION: There w i l l  he an 20 X 50 f o o t  space-fed phased a r r a y  l e n s  
antenna system b u i l t  w i t h  2000 t o  3000 GaAs t r a n s m i t / r e c e i v e  modules f o r  a 
shu t t l e -a t tached  experiment wh ich  w i l l  g i v e  s h o r t  t e r m  space exposure r e s u l t s .  
It w i l l  be r e f u r b i s h e d  f o r  t h e  space s t a t i o n  experiment. The space s t a t i o n  w i l l  
p r o v i d e  l ong  t e r m  space exposure of t hese  modules t o  eva lua te  deg rada t ion  and 
r e l i a b i l i t y .  
v a r i e t y  o f  t e r r a i n s  and weather c o n d i t i o n s  a t  d i f f e r e n t  t imes  o f  t h e  yea r  d u r i n g  
t h e  f o u r  seasons. Sur face  f l a t n e s s  w i l l  be measured a t  s p e c i f i e d  t imes  d u r i n g  
t h e  year. By u s i n g  t h e  space s t a t i o n  pr ime power, da ta  r e c o r d i n g  and storage, 
and downlink t ransmi  s s i o n  c a p a b i l i t i e s ,  t hese  SBR experiments w i l l  be performed 
w i t h  a s i g n i f i c a n t  c o s t  savings. 

Radar c l u t t e r  and p ropaga t ion  da ta  w i l l  be taken  over  a w ide r  
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EXPERIMENT TITLE:  

EXPERIMENT OBJECT1 VE : 

EXPERIMENT DESCRIPTION: 

Space B a s e d  Radar  E x p e r i m e n t  

ACCOMMODATION REQUIREMENTS: 

PROPOSED FLIGHT DATE - 1992-1994 Year 

OPERATIONAL DAYS REQUIRED - 5 0  d a y s  o r  m o r e  o v e r  3 6 5  d a y s  

MASS - I n i t i a l  E s t i m a t e  7000 KG 

VOLUME : 

STORED: W 2 M  x L 4 M  x H 1 ? 1  - - 6 M3 

DEPLOYED: W 8 M x L 1 5 M  x H 0.2 M - - 2 4  M3 

INTERNALLY ATTACHED No ( Y  es1No 1 

EXTERNALLY ATTACHED Yes (Yes /No)  

FORMATION FLYING No ( Y e s I N o )  

ORIENTATION ( i n e r t i a l ,  s o l a r ,  ear th ,  o ther)  E a r t h  

EXT RA-VE H I CUL AR ACT I V I  T Y REQU I RED : 

SET -UP TBD H r s I D a y  No. o f  d a y s  

OPERATIONS TBD H r s I D a y  No. o f  d a y s  I n t e r n a l  

SERVICING TBD H r s I D a y  No. o f  d a y s  I n t e r n a l  

I NTRA-VE H I CUL AR ACT I V I  T Y REQU I RED : 

TBD H r s l D a y  No.  o f  d a y s  SET-UP 

OPE RAT IONS TBD H r s / D  a y  No. o f  d a y s  I n t e r n a l  

SERVICING TBD H r s l D a y  No. o f  d a y s  I n t e r n a l  

POWER REQUIRED: 

A p p r o x .  7 K W  AC or@ ( c i r c l e  one) 

1 t o  2 H r s l D a y  50 NO. o f  d a y s  

DATA RATE TBD M e g a b i t s  s e c o n d  

DATA STORAGE TBD G i g a b i t s  
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